proteins parvalbumins (PRVBs), the workflow allowed the unequivocal identification of these 10 closely related fish species in any seafood product, including processed and precooked 11
INTRODUCTION 1
Fast monitoring of biomarkers is essential to achieve a rapid response and to take a 2 precise decision in diverse life fields. It is crucial in clinical diagnosis, therapeutic 3 supervision, environmental protection and food quality control among others 1, 2 . Currently, 4 the most commonly used approach for the monitoring of peptide/protein biomarkers is based 5 on immunoassays, mainly using ELISA and array techniques 1 . The advantages of these 6 methods are their high specificity and sensitivity. Apart of being time consuming, a flaw of 7 these techniques is that not always the right antibody is available for each biomarker, making 8 lengthy and expensive work necessary to extend the battery of specific antibodies for new 9 standardized and affordable assays. Therefore, the development of alternative and fast 10 methodologies having high reproducibility, sensitivity and specificity are necessary. 11
The emerging targeted mass spectrometry (MS)-based proteomics techniques can 12 constitute an excellent alternative methodology. When these selective and sensitive operating 13 methods are used, the MS analyzer is centered on analyzing only the compound of interest by 14 selected reaction monitoring (SRM) or multiple reaction monitoring (MRM) 3, 4 . Monitoring 15 transitions (suitable pairs of precursor and fragment ion m/z), constitute a common assay to 16 identify and quantify biomarkers and by inference, the change in the corresponding biological 17 condition being studied. This setup provides high analytical reproducibility, a good signal-to-18 noise (S/N) ratio, and an increased dynamic range 4 . The capability of triple quadrupole (TQ) 19 instruments to selectively isolate a precursor ion and the fragment ion(s) it produces under 20 collision induced dissociation (CID) is exploited for the experiments using SRM or MRM 21 scan modes 5 . 22
While SRM and MRM performed on a TQ are the most sensitive scanning modes 23 (low-attomolar) with a broad dynamic range (up to five orders of magnitude) 6 , their 24 optimization for a definite SRM/MRM assay is time-consuming. More importantly, using 25 1 bicinchoninic acid (BCA) method (Sigma-Chemical Co., USA). 2 3 3. Protein digestion using HIFU 4 PRVB supernatants were subjected to HIFU-assisted trypsin digestion as previously 5 described 14 . A total of 20 µg of heated extract were subjected to in-solution digestion with 1 6 µg trypsin without adding urea, DTT or iodoacetamide (Promega, Madison, WI, USA) 7 applying simultaneously HIFU. A high-intensity ultrasonic probe of 1 mm probe tip (Dr. 8
Hielscher, Teltow, Germany) was set to 50% of amplitude and was used to perform the ultra-9 fast digestion for 1 min. Another 1 µg of trypsin was added again to the sample and the HIFU 10 application was repeated for 1 min. 11 12
LC-MS/MS analysis 13
Peptide digests were acidified and analyzed by LC-ESI-IT-MS/MS using a Surveyor 14 LC-system coupled to an LTQ LIT mass spectrometer (Thermo Fisher, San Jose, CA). The 15 peptide separation (1µg) was performed on a 0.18 mm x 150 mm BioBasic-18 RP column 16 (ThermoHypersil-Keystone), using 0.5% acetic acid in Milli-Q-water and in 80% ACN as 17 mobile phases A and B, respectively. A 60 min linear gradient from 5 to 40% B, at a flow 18 rate of 1.5-1.7 µL/min was used. ESI parameters were: spray voltage, 3.5 kV; N 2 flow, 10 19 arbitrary units; and capillary temperature, 200ºC. Peptides were analyzed in positive mode 20 from 400 to 1600 amu (3 μscans), followed by four data-dependent MS/MS scans (3 μscans), 21 using an isolation width of 3 amu and a normalized collision energy of 35%. Fragmented 22 masses were set in dynamic exclusion for 3 min after the second fragmentation event and 23 singly charged ions were excluded from MS/MS analysis. 24 25 5. Selected MS/MS Ion Monitoring (SMIM) 1 SMIM analysis was performed using a Surveyor LC-system coupled to an LTQ LIT 2 mass spectrometer (Thermo Fisher, San Jose, CA), as described previously 8 with minor 3 modifications. The peptide separation (1μg) was performed on a 0.18 mm x 150 mm 4 BioBasic-18 RP column (ThermoHypersil-Keystone), using 0.5% acetic acid in water and in 5 80% ACN as mobile phases A and B, respectively. A 45 min linear gradient from 5 to 40% 6 B, at a flow rate of 1.5-1.7 µL/min was used. ESI parameters were as described previously. 7
Peptides were detected in the positive ion mode using the SMIM 8 . For this method, the MS 8 instrument was programmed to perform continuous MS/MS scans (5 μscans) of doubly-9 charged precursor ions from all candidate peptide biomarkers along the complete 10 chromatographic separation. Normalized collision energy was set to 35% and a 3 amu mass 11 window was used to fragment selected parent ions. The proteins identified in the original and heated sarcoplasmic extracts, were 24 submitted to Ingenuity Pathway Analysis (IPA; Ingenuity Systems, CA). Only pathways 25 scoring -log(p-value) ≥2, which have >99% confidence of not being generated by chance, 1 were selected. 2
For the SMIM mode, virtual chromatograms traces were plotted and optimized using 3
QualBrowser software (Thermo Fisher) to show the selected transitions for each parent ion. 4
In addition, MS/MS spectra collected in the SMIM mode were used to validate the peptide 5 identities using SEQUEST as is described before. Purified PRVBs were digested with trypsin using, either the conventional overnight 3 procedure, or the fast accelerated by HIFU. As reported previously 14 , HIFU assisted digestion 4 produced results comparable to those obtained by the conventional overnight incubation 5 methods, but in a fraction of time. Moreover, the absence of urea in the digestion buffer 6 prevented undesired peptide side reactions, such as carbamylation of N-termini and Lys 7 residues, which may occur when HIFU is applied in the presence of urea 23, 24 . 8
The combination of a fast and easy protein purification procedure (Time: 45 min) with 9 the use of HIFU for the protein digestion (Time: 2 min), considerably simplified and reduced 10 the time needed for the sample preparation, reflected in the overall time needed for 11 monitoring. 12 13
Selection of the species-specific peptide biomarkers 14
The next step in the proposed strategy consisted in selecting the smaller number of 15 species-specific peptides, which must be monitored, to effectively identify all the species 16 from Merlucciidae family. Parvalbumins peptide sequences with a high inter-specific 17 variability, obtained after the extensive de novo sequencing of PRVBs previously published 10 , 18 were used for the purpose. Eleven tryptic peptides were selected in basis of the information 19 that their combined presence or absence could provide to confidently identify all of the 20 species under the study (Table 2) . A BLAST search was performed using the UniProtKB 21 database to validate the uniqueness of the peptide sequences selected. Four of them were 22 present in only one specific species and can be considered as a canonical peptide for each of 23 these Merlucciidae species (S-MER794, S-MER612, S-MER721, S-MER973). The sequences 24 of the rest were shared by PRVBs from several Merlucciidae species or other organisms. 25
However, their use following a specific and systematic combination avoids interferences and 1 allows for a correct discrimination of all the hake species under the study. Figure 2 Figure 2 , the combination 12 of the presence/absence of other eight peptides allows for the unambiguous identification of 13 any specific species from the Merlucciidae family. 14 15
senegalensis, M. polli or M. paradoxus). Finally, as can be seen in

Fast identification of hake species using SMIM 16
For each of the reference hake species, PRVBs peptide pools obtained from the 17 accelerated tryptic digestions were subjected to SMIM analysis in a LIT mass spectrometer 18 focusing the MS/MS events on the corresponding precursor ions for the eleven peptides 19 selected. The selected m/z value for each of precursor ion corresponded to the predominant 20 charge state, which was +2 for all of them (Table 2 ). Figure S -2 in the Supplemental Data 1 21 details the MS/MS spectra for each peptide. Once MS/MS spectra were recorded, virtual 22 chromatograms for all the different fragment ions could be obtained. For each of the peptide 23 markers, mass transitions were noted according to the criteria of sensitivity and selectivity. As 24 the peptide mixture used is not too complex, selectivity was not a matter of concern and the 25 13 transitions chosen in every case was in accordance with the maximum intensity of the 1 fragments, which mostly corresponded to y-ions. Therefore, the combination of highly 2 sensitive transitions (precursor m/z→fragment m/z) ( Table 2) , together with the use of simple 3 peptide mixtures (coming mainly from PRVBs), made possible the representation of specific 4 transitions with a high signal-to-noise (S/N) ratio. Tracing these transitions for each peptide 5 biomarker, according to the flow diagram described in the Figure 2 , made possible to identify 6 unequivocally all the reference hake species (Figure 3) . 7
The results obtained matched precisely with those obtained by DNA-analysis. 8
However, the time needed for performing both techniques was extremely different. At least 24 9 h were needed for a genetic identification by FINS, while only less than 2 h were necessary to 10 complete the identification following the proposed strategy. To our knowledge, this is the 11 fastest method to achieve the food species authentication. 12 13
Application to commercial samples identification 14
In order to validate this new strategy, ten commercial hake products were subjected to 15 analysis for their authentication. Table 1 summarizes the products that were tested, which had 16 been previously subjected to one or more processing treatments, even precooked. Two main 17 label categories were observed: labels with species declared (4 samples) and labels with no 18 declared species, which presented only a general commercial name (i.e. hake) (6 samples). 19
Results for the identification of the commercial samples using the designed strategy are 20 shown in the Table 3 complete declared labelling were found to be mostly correct (CP1-CP4). However, some 22 products with no declared species were assigned to species belonging to the Macruronus 23 genus (CP8 and CP9). This genus presents a low commercial value and is not as valued by the 24 consumer 25 . We have presented here a strategy that allows the fast detection of mislabelling 25 14 practices in these fish products and moreover, this work also shown that the use of 1 thermostable proteins allow the application of this fast monitoring method to battered 2 precooked products (CP6-CP10). transitions for each precursor ion, attending the criteria of sensitivity and selectivity. Thus, in 10 combination with a fast purification and digestion step of the target protein, the most sensitive 11 transitions may be considered for all the markers. 12
With this new strategy, all relevant commercial fish species belonging to the 13 Merlucciidae family present in any seafood product can be unequivocal identified in less than 14 2 h. The present strategy constitutes the fastest method for peptide biomarker monitoring by 15 targeted-proteomics described up to now, whose application in the food quality control area, 16 provide to the authorities an effective, competitive and rapid method of food authentication 17 and traceability that guarantee the quality and safety to the consumers. 
